has discussed the manifold problems and difficulties connected with the onset of lictation and has, in particular, drawn attention to the frequency of engorgement with its serious consequences to the maintenance of secretion, and to the possibility of reducing this frequency by/the systematic removal of the prenatal breast secretion. It was then pointed out that 'it would be extremely helpful if we knew the relative viscosity of the three types of fluid (prenatal secretion, colostrum and milk) which leave the breast and whether... viscosity bears a direct relation to the protein content'. A suitable method for the measurement of kinematic viscosity was, therefore, developed by Scott Blair [1941], the viscosity of these secretions having so far only been qualitatively assessed [Widdows et al. 1935]. It was intended to correlate 'the viscosity data with the total protein content and, at the same time, to determine some of the major protein fractions, such as globulin and casein. It was, however, soon realized that analytical methods have not been established for the accurate determination of all these constituents in fluids varying so widely in composition as the antenatal and postnatal human secretions. Whilst we were unable to undertake the fundamental investigations obviously needed to provide such methods, we have collected a number of nitrogen partition data of comparative value sufficient to show the approximate levels and changes during the antenatal and early postnatal periods. The viscosity data, however, were correlated with the indisputable total nitrogen figures. In addition, a rapid and simple gold sol reaction was developed which reflects closely the changes in the total nitrogen level of the secretions.
was included in which no expression had been practised before childbirth); and whether engorgement exerts an influence on the physical behaviour or the chemical composition of the postnatal secretion.
METHOrDS
With prenatal samples the total volume obtainable by manual expression was used for analysis. With postnatal samples it was not found practicablQ to apply a uniform method of sampling. Portions of the secretion were obtained either by manual expression or by application of the breast-pump.'The samples were taken direct to the laboratory and analysed immediately, or when this was not possible were stored in a refrigerator. Estimations on stored samples at daily intervals showed that no change in viscosity took place during 4 days and that the total nitrogen remained unchanged for '60 hr.,,though there was a slight rise in non-protein nitrogen.
Storage at rooi temperature for 3 days did not affect the 'gold'number'. This was important, as the,samples required for the gold test had to be sent through the post.
Viscosity. The method is described in a separate paper [ScOtt Blair, 1941] . Nitrogen partition. (a) Total nitrogen was determined by micro-Kjeldahl analysis, using 2 ml. of suitably diluted secretions. No standard dilution could be adopted, as the concentration of the samples varied so widely. The viscosity readings provided a useful basis for determining the amount of dilution required in each case.
(b) Non-protein nitrogen. Numerous precipitating agents have been recommended for physiological fluids. While giving comparative values, they differ in action, bringing down varying amounts of proteose-peptone compounds in addition to the 'true' proteins. Several of these reagents were tried, but difficulties were encountered with all of them, a number of samples, both ante-' and postnatal, giving cloudy filtrates. Pending the development of ade,quate methods we adopted precipitation with strong trichloroacetic acid, as this reagent seems to provide the nearest approach to the precipitation of the 'true' proteins only [cf. Seibert, 1926] .
(c) Casein. An adaptation of the method -ecommended for cow's milk by Rowland [1938] was used. It was found necessary to reduce the amounts of precipitating agents so as to ensure precipitation of the smaller amounts of casein present in human secretions at a pH in the neighbourhood of the isoelectric point. Suitable conditions were determined by varying the concentration and proportions of acetic acid and sodium acetate in conjunction with pH measurements (glass electrode). The following procedure was adopted for milk: 1 ml. of milk is diluted with ca. 15 ml. of water at 40°, I ml. of N/10 acetic acid is added, folUowed after 10 min. by 0O8 ml. N/10 Na-acetate solution.
After cooling, the volume is made up to 20 ml. Rowland's procedure is then followed in detail. The more concentrated prenatal and early postnatal samples were suitably diluted so that the nitrogen content approximated to that ofnormal milk. Apart from other considerations, this course was necessitated by the fact that often no more than 1 ml. of secretion was available for determining the nitrogen partition.
' (d) Globulin was determined in the casein-free ifitrate as described by Rowland [1938] . ' Gold number' The 'gold number' (Zsigmondy) is defined as the weight of a given protecting colloid just insufficient to prevent a change of colour in 10 ml. of a stable red gold sol when 1 ml. of 10% solution of NaCl is added to it. For the purpose of this investigation the 'gold number' of the ante.-a'td post-natal secretions which contain a mixture of protecting colloids has been defined as the reciprocal of the dilution of secretion contained in 1 ml. of solution which is just insufficient to prevent a change of colour in 5 ml. of a stable red gold sol when 0-5 ml. of 10% solution of NaCl is added to it. It appeared preferable to express the 'gold number' as the reciprocal of the dilution, as in this way a higher 'gold number' corresponds to a higher protecting power of the secretion.
Many workers have encountered difficulties in the routine preparation of gold sols. The technique described by Pennycuick et at. [1938] was found to be free from the usual hazards and permitted the preparation of sols of the desired type with ease and regularity. The pH of the sols requires no adjustment. Fresh sols should be prepared every 6-8 weeks, as it was noted that after this interval the sols tend to become slightly purplish and to lose their sensitivity.
When dealing with prenatal secretions and early colostrum a series of aqueous dilutions of 1: 1000, 1 ; 2000, 1 3000, ... is made up in test tubes. Dilution 1: 1000 is prepared by diluting' 0.1 ml. of the fluid to be tested-to 100 ml. using a 0 1 ml. wash-out pipette.
When dealing with later colostrum and milk, dilutions of 1: 250, 1 500, 1: 750, 1: 1000, ... are similarly prepared, first making up 1 ml. of fluid (or 02 ml. where little material is available) to 100 ml. 1 ml. of each dilution is then pipetted into a wide hard-glass test tube
(5 x i in. is a convenient size) and 5 ml. of gold sol are rapidly run in with shaking, followed after 10 min. by 0-5 ml. of a 10 % solution of NaCl. The samples varied from a colourless, sticky and apparently fat-free fluid to a rich yellow, creamy mixture from which a thick layer of fat readily separated out on standing.
Space does not permit us to give the results of' the serial e-xaminations in detail. They may be summed up as follows: whilst the variations in viscosity, total nitrogen and gold number in individual cases observed at intervals during late pregnancy are considerable, none of these factors shows a systematic decrease or increase as a consequence of the regular removal of the secretion. There is, however, a tendency in many, though not in all, cases for these factors to attain maximum values at the time of, or shortly after, parturition.
The range of values is set out in Tables 1-3 , in which only the result of the first examination is included in the many cases in which specimens were repeatedly tested. The tables clearly show the peaks in the frequency of distribution with no particular difference between primiparae and multiparae. Tables 1 and 2 Go1l4 number <1000 1000 2000 3000 4000 5000 6000 The gold numbers of specimens from both breasts of the same subject were determined in a number of cases. No marked differences were found, even where differences were noted in the ease of expression, quantity or appearance of the fluids. The initial levels vary greatly, as is indicated by the highest and lowest values given in the tables, but individual cases which cannot be given in extenso show a fairly uniform behaviour, namely, a sharp drop from the high to the low level requiring usually between 24 and 48 hr. only. This drop starts in the majority of cases on the 2nd or 3rd day post partum, sometimes as early as a few hours after delivery and sometimes as late as the 4th day after parturition.
Lowenfeld et al. [1927] followed the protein level in a relatively small number of cases and report a marked difference between primiparae and multiparae, the latter attaining the low level earlier than the former. Examination of the total nitrogen level of a similarly small number of cases which had received no treatment before delivery provided little confirmatory evidence of this observation. No difference was found in the behaviour of untreated cases and of those in which the prenatal fluid had been regularly removed. All cases were, therefore, included in the tables.
As with prenatal secretions, the gold number of samples from both breasts was determined in a number of cases. Here again the results were identical almost without exception, even during the first few days post partum with their rapid and drastic changes. Special attention was paid to the incidence of engorgement, which occurred in a more or less severe form in many instances. No evidence was found of any effect of this disturbance on the factors under discussion. The significance of this finding is discussed below.
(M) During later lactation. Few cases were followed up regularly beyond the first 10 days or so after parturition, as most patients became unavailable on leaving the hospital. In any case, many data on the total nitrogen level for the ensuing period of lactation are already to be found in the literature [cf. Widdows et al. 1930; Bell, 1928] , showing that the total nitrogen falls very slowly as lactation progresses. Measurements of the viscosity and the gold number showed that the same applies to these factors. In order to obtain a more sensitive measure of the protecting power under these conditions, the procedure described above of reading the colour of the gold sol in a standard milk dilution of 1: 1000 was reverted to. All samples obtained between the 5th and 22nd weeks of nursing in cases in which lactation was progressing satisfactorily gave colour changes to blue or bluish violet, whilst the maxirrum change of colour during the first fortnight post partum was one to violet, a reddish violet being the rule.
The relation between viscosity and total nitrogen By plotting viscosity (v) against concentration of total nitrogen (c) it was found that these factors are not connected by a simple, linear relationship, the viscosity rising rather more steeply than the concentration ofnitrogenous compounds. This is not surprising, considering that Einstein's [1906] equation1 v= k. c + b is based on the assumption of uncharged spherical particles of constant hydration. By plotting log viscosity against the concentration of total nitrogen a straight-line function was obtained, the majority of data fitting the equation log v=0-65. c-0 07 reasonably well. Some of the more viscous fluids, however, showed considerable deviations, so that the above equation should not be regarded as more than a convenient generalizeil expression. No more could be expected considering that with the complex colloidal systems under discussion not only the amount but also the state of, dispersion of the colloidal particles wili doubtless exert its influence, apart from the possible effect of the fat concentration on the viscosity, which appears, however, to be of secondary importance. That the equation holds in a general way is shown in Table 7 , in which the mean values for total nitrogen Table 7 . Jelation between viscosity and total nitrogen Table 5 as calculated from the viscosity data given in Table 4 (primiparae and multiparae combined) are set out against the corresponding total nitrogen values given in Table 5 .
The relation between gold number and total nitrogen Plotting the gold number (G) against corresponding values of total nitrogen concentration (c), a straight-line function was obtained and calculated to G= 3000. c-200.
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With few exceptions this equation was found to hold well within the limits of accuracy of the gold sol reaction. To demonstrate the close agreement obtained the cases in which both the total nitrogen and the gold number were determined simultaneously during the first few days after parturition are summarized in Table 8 . The simple gold sol reaction may, therefore, be used to advantage in place of the more tedious Kjeldahl determinations when it is intended to follow the major changes during the prenatal and early postnatal stages of secretion. (a) Non-protein nitrogen and total protein Table 9 contains a summary of the results. When viewing the non-protein nitrogen data in conjunction with the corresponding total nitrogen figures, it was found that during the prenatal period the non-protein nitrogen constitutes a small and fairly constant proportion of the total nitrogen. During early lactation, however, the percentage of non-protein nitrogen increases markedly, as is shown in Table 10 . It must be concluded that after the first few days of lactation one is hardly justified in regarding the total nitrogen as a fair representation of the total protein. There is little doubt that the latter continues to fall slowly after 4 days of lactation, whilst the former appears to remain almost constant (see Table 5 ). This is borne out by the findings of Lowenfeld et al. [1927] .
(b) Casein nitrogen Casein was found to be present in considerable amounts as early as the 22nd week of pregnancy. Up to the time of delivery its concentration changes roughly in proportion to that of total nitrogen; it then shows a similar, if less pronounced, drop during the first 4-5 days of lactation, after which it changes little up to the 14th day post partum. The results are summarized in Table 11 . Table 12 ). (c) Globulin nitrogen Globulin was found to be the major protein constituent of the prenatal secretions. During advanced pregnancy its concentration varies, in general, in the same manner as that of total nitrogen. After parturition the globulin continues to behave similarly to the total nitrogen, dropping sharply within the first 4-5 days post partum. This drop is, however, followed by a further slow decrease up to 10-12 days after delivery.
The results are summed up in Tables 13 and 14 . In agreement with Widdows et at. [1935] we found that the prenatal secretions fell into three distinct classes,-the appearance of each being unconnected with the state or number of pregnancies. Our attempts to gauge the viscosity from the appearance of the secretion in the manner described by Widdows et al. failed, the result of the actual measurement being often in disagreement with the visual judgement. That these authors were, nevertheless, able to predict a definite relation between the viscosity and the protein content of the secretions may be explained-by the fact, brought out in our investigations, that small variations in the protein content correspond to large changes in viscosity, the total nitrogen (and, therefore, presumably the total protein) being connected by a linear function with the logarithm. of viscosity and not with the viscosity itself.
Turning to the postnatal stages, it seems necessary, first of all, to remark briefly upon the term 'human colostrum'. The uncertainties attaching to this term have been fully discussed by Lowenfeld & WXddows [1928] and by Waller [1938] . Here it suffices to point out that whilst it is true that the human secretion continues to differ in some respects from 'mature' milk up to the end of the first month of lactation, a fluid essentially similar to this 'mature' milk is already being secreted after a few days of lactation only. Is it unreasonable to suggest that the term 'colostrum' should not be applied to this milk-like fluid, but that its use should rather be confined to the fluid fundamentally different from milk which is produced during the first few days after parturition? The results presented above seem to us to favour this suggestion. They show that measurable criteria of both a physical and a chemical nature are available, viz. the viscosity, the total nitrogen content and the globulin/casein ratio, all pointing to the conclusion that the time during which 'colostrum' is secreted is short and does not, as a rule, exceed a period, of more than 5 days after delivery. Of these criteria the viscosity and the total nitrogen, or-in its place-the gold number, lend themselves most readily to measurement, but the ratio globulin/casein is perhaps ofgreatest significance, as it reflects a fundamental change from the predominance of globulin to that of casein. It is to be hoped that more satisfactory methods for the determination of these protein fractions will soon become available.
Contrary to Lowenfeld et al. [1927] , we found no difference between the duration of the colostral stage in primiparae and multiparae in untreated cases. Neither was there any' evidence that the regular removal of the antenatal secretion shortens the colostral period, and this fact, taken in conjunction with the observations made on the prenatal fluids, speaks strongly against the conception of stimulation of the lactiferous glands by this treatment.
It has been shown that the tiensition from colostrum to 'early milk' does not, in general, require more than 24-48 hr. It seems likely that the starting time depends on the time required by the body to set in motion the hormonal functions controlling lactation proper and that, once these have begun to work, milk rapidly replaces colostrum. If to this is added the observation that engorgement has no demonstrable effect on the physical or chemical nature of the fluid within the breast, one is driven to the conclusion that the mechanism of milk production is established with truly remarkable regularity and that it is the mechanism of expulsion rather which'is so frequently at fault. It follows that, contrary to expectations at the outset of this investigation, a study of the composition and properties of the secretions cannot be of help in explaining the beneficial effect of the prenatal treatment which has been established beyond doubt by clinical observations at the British Hospital for Mothers and Babies. The causes of engorgement must be sought rather in factors conneclbd with the mechanism of oitflow. Whether the prevention of engorgement by prenatal treatment is due to a simple 'training' effect or to specific anatomical, physiological or psychological factors remains to be seen. As engorgement presents itself as the consequence of 'a gland functioning actively against 'obstruction to outflow' (Waller), future investigations must clearly be directed towards elucidation of the nature of the hindrance. A promising line of approach is suggested by the interesting study of Seitz [1924-25] , whose work on the relation between structure and function of the breast provides ample evidence of the frequency with which hindrance to outflow is caused by anatomical factors. SUIMMARY Data are presented'showing the level of, and changes in, viscosity, total nitrogen, globulin and casein in human mammary secretions during late pregnancy and early lactation. In 'addition a gold sol reaction is described which permits the rapid determination of a factor, the 'gold number', shown to be linearly connected with the total nitrogen content of the secretions. - The results show that regular removal of the antenatal fluid does not lead to systematic alterations in composition. Characteristic changes of the'factors investigated occur during the first few days po8t partum, and it is proposed to confine the use of the term 'colostrum' to the fluid secreted during this period.
'The data are interpreted as suggesting faults in the mechanism of expulsion rather than faults in the mechanism of milk production as the principal cause of the lactational difficultieszencountered so frequently during the early postnatal stages.
